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7 Sexual selection on good genes facilitates sympatric speciation 














The theoretical feasibility of sympatric speciation – speciation in the absence of 
spatial isolation – continues to puzzle biologists, despite empirical evidence that it 
has occurred on numerous occasions (Turelli et al., 2001). Sympatric speciation re-
quires the evolution of assortative mating in the nascent species. It has often been 
argued that sexual selection could drive this process (Panhuis et al., 2001). Existing 
models supporting this view are typically based on female preferences for 'arbi-
trary traits' that diverge by Fisherian runaway selection (Panhuis et al., 2001; 
Turelli et al., 2001). However, most sexual traits do not seem to be arbitrary, but 
specifically signal quality ('good-gene’ indicators) (Jennions & Petrie, 2000). Here, 
we propose a novel, less restrictive, and widely applicable mechanism for sympat-
ric speciation that relies crucially on sexual selection on such indicators of good 
genes. 
In a world with only small and large seeds, one could imagine a generalist 
bird species splitting into a small-billed species feeding on small seeds, and a large-
billed species feeding on large seeds. However, the emergence of these two special-
ist species is prevented by interbreeding, which creates individuals with interme-
diate bill sizes. For speciation to occur, birds should mate with individuals of simi-
lar bill size (Turelli et al., 2001). Suppose that, in a given environment, males with a 
more adaptive bill size can collect food more efficiently and therefore develop a 
brighter plumage, such that plumage signals compatibility with the local environ-
ment. The evolution of a female preference for such a quality indicator gives a re-
productive advantage to locally adapted males. Moreover, it enables females to 
recognize and avoid maladapted males. Thus, sexual selection on good genes fa-
cilitates speciation, since it both enhances ecological disruptive selection for local 
adaptation and reduces interbreeding.  
We illustrate this general idea with an individual-based simulation model 
(details are provided in the APPENDIX). There are two types of habitat (two seed 
sizes). The fit of the ecological trait (bill size) to the habitat determines fecundity in 
females. Both sexes have the tendency to settle in the habitat where their bill size is 
more adaptive. Mating takes place within these habitats. This induces some assor-
tative mating, yet the population does not split due to the overriding effect of in-
terbreeding (FIGURE 1A). This situation changes when we allow the evolution of a 
female mating preference for a male ornament (plumage brightness) that signals 
the match between habitat and ecological trait. Even when costly, female prefer-
ence spreads in a self-reinforcing manner. By choosing more ornamented (locally 
adapted) males, females induce disruptive selection on the male ecological trait 
and, hence, increase male diversity. This, in turn, makes it more profitable to 
choose a locally adapted male. The mate-choice process thus intensifies ecological 
disruptive selection. From a certain point onwards, disruptive selection generated 
by the combination of natural and sexual selection becomes so strong that the spe-
cies rapidly splits in two (FIGURE 1B-D). A comparable split of the population by 
natural selection alone would require much stronger selection differentials (AP-


























































F I G U R E  1  –  S I M U L A T I O N  R E S U L T S 
Sexual selection on a trait signaling male quality can cause reproductive isola-
tion between two ecologically specialized populations, when natural selection 
alone cannot. The two simulations used identical basic parameter values and 
lasted 10,000 generations (see A P P E N D I X for details). The grayscale indicates 
relative frequency in the population, increasing from white to black. Panel A: In 
the absence of sexual selection, a generalist population evolves despite disrup-
tive natural selection on an ecological trait. Panel B-D (all same simulation): 
With sexual selection, we see the joint evolution of two reproductively isolated 
specialist populations (B), female preference (C), and a male ornament (D)  












divergence by one to two orders of magnitude (APPENDIX). Hence, sexual selec-
tion has a double effect: it enhances both disruptive selection and assortative mat-
ing. The underlying mechanism presented here seems quite general and robust: 
sexual selection on quality indicators can easily reinforce disruptive natural selec-
tion and assortative mating up to the level required for divergence, whenever 
some degree of assortative mating is initially present. 
Our model does not depend on the divergence of mating traits, unlike previ-
ous models. Therefore, first, sexual selection does not have to be divergent and 
sympatric speciation can occur under much less restrictive conditions than in pre-
vious models (CHAPTER 4 of this thesis). Second, no genetic associations between 
mating traits and ecological traits are needed, sidestepping one of the major prob-
lems in speciation theory: the disruptive effect of recombination between these 
traits (Turelli et al., 2001).  
There is much empirical evidence for sexual selection on quality indicators 
(Jennions & Petrie, 2000), yet this process has virtually been ignored in speciation 
theory (Panhuis et al., 2001; Turelli et al., 2001 but see Lorch et al., 2003). Female 
preferences for quality indicators will be present in many populations for other 
reasons (Jennions & Petrie, 2000), but we show that such preferences can even 
evolve from scratch, because of their self-reinforcing ability to enable ecological 
specialization and assortative mating. Hence, we expect that comparative and ex-
perimental studies will soon confirm the potential of sexual selection on quality 
indicators to facilitate ecological speciation. 
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APPENDIX  — MODEL DEFINITION AND SUPPORTING MATERIAL 
Our model combines the ecological assumptions of Levene’s ‘soft selection’ model 
(Levene, 1953) with a revealing-handicap model for the evolution of female prefer-
ences (Iwasa et al., 1991). We consider an organism with discrete, non-overlapping 
generations in a heterogeneous environment consisting of 40 patches, each sup-
porting 40 individuals. Offspring can disperse to any of the patches, where they 
are exposed to selection. Mating occurs between individuals within the same 
patch, after which a new generation of dispersers is produced. Parameter values 























































There are two equally frequent patch-types, denoted A  and B , which differ in eco-
logical conditions. An individual may be more or less adapted to a certain patch-
type depending on its ecological strategy, x , which we assume to be a one-
dimensional continuous quantity. The individual’s ecological performance, q , in a 
patch of type i  declines with the difference between the individual’s ecological 











 − = = −    
 [1] 
The parameter σ  determines how rapidly q  declines with ix µ− . Selection on the 
ecological strategy turns from stabilizing to disruptive when the ecological differ-
ence between the patches, A Bµ µ− , exceeds 2σ  (Geritz et al., 1998). We took 
1.0A Bµ µ= − =  and 0.75σ = . 
HABITAT CHOICE 
Every individual can visit sequentially a number of patches. Its decision to settle in 
a patch is positively related to its ecological performance q  in that patch. Individu-
als cannot settle in patches that are already full, but all individuals can settle 
somewhere. Under these assumptions, individuals with the highest ecological per-
formance in one of the habitats visit, on average, fewer patches and are more likely 
to settle in their preferred patch type, giving them an advantage over less special-
ized individuals. 
NON-RANDOM MATING 
We assume a polygynous mating system. Females are choosy and mate only once. 
Female fecundity is limited by time or energy constraints, and, for simplicity, we 
take it to be proportional to the female’s ecological performance q . A female 
chooses a male based on her preference p  and the size s  of the male’s ornament: 
the mating probability is proportional to 
 ( )exp .a p s=  [2] 
Ornament size s  is proportional to the male’s investment t  into the ornament and 
to the resources available for reproductive investment ( )R q , which are assumed to 
increase with q : 
 ( ) ( ), .s s t q t R q= = ⋅  [3] 
Hence, the ornament is a revealing indicator of a male’s ecological performance in 
a given patch. We took ( ) 1 3R q q= + .  
Male ornament production and female preference are costly: male and female 
survival until reproductive age are reduced by a factor ( )2exp tβ−  and ( )2exp pγ− , 













The characters x , p  and t  are each separately encoded by 50L =  diploid, di-allelic 
loci. All loci recombine freely, within and between traits. Mutations occur with a 
frequency 41 10m −= ⋅  per allele. Mutations have a phenotypic effect of magnitude 
0.04xδ = , 0.03pδ =  and 0.07tδ =  for x , p and t , respectively, such that x , for ex-
ample, may range from –2 to 2.  
OBSERVED REPRODUCTIVE ISOLATION 
We varied the strength of disruptive natural selection from weak ( 0.95σ = ) to 
strong ( 0.05σ = ). With sexual selection, speciation first occurred at 0.80σ = . With-
out sexual selection, speciation only occurred for 0.35σ < . Moreover, for 
0.05 0.35σ< < , the proportion of hybrid individuals was 23 to 58 times higher than 
in the presence of sexual selection. In fact, the level of hybridization after speci-
ation without sexual selection was always higher than that after speciation with 
sexual selection for any value of σ .  
